Abstract. The aim of this study was to investigate the correlation between glycosylated hemoglobin (HbA1c) levels and the severity and long-term prognosis of coronary heart disease (CHD) with stent implantation. A total of 2,825 consecutive patients with stent implantation were stratified into three groups based on the levels of HbA1c: Low HbA1c group (group A, HbA1c ≤5.9% or 41 mmol/mol; n=1,035), moderate HbA1c group (group B, 5.9%< HbA1c <6.8% or 41< HbAlc <51 mmol/mol; n=1,025) and high HbA1c group (group C, HbA1c ≥6.8% or 51 mmol/mol; n=765). The impact of HbA1c on the Gensini score and the long-term prognosis of CHD with stent implantation were observed. After an average of 1 year of follow-up of the 2,825 patients in a hospital cohort, participants with low or high HbA1c had a higher risk of major adverse cardiac events (MACE) and target lesion revascularization (TLR) compared with participants with moderate HbA1c after adjusting for multiple potential confounders (hazard ratios for low HbAlc, 1.505 and 1.478, respectively, and for high HbAlc, 1.626 and 1.522, respectively). Analysis of HbA1c as a continuous variable showed that each 1% increase of HbA1c was significantly associated with decreased risks of MACE and TLR of 53.5 and 54.2%, respectively, in those with a low HbA1c level and with increased risks of MACE and TLR of 9.5 and 9.2%, respectively, in those with a moderate or high HbA1c level, suggesting a U-shaped association between HbA1c and the risk of MACE and TLR. In conclusion, HbA1c levels, either as a continuous variable or a categorical variable, have a U-shaped correlation with MACE and TLR in CHD patients with stent implantation, even after adjustment for multiple confounders.
Introduction
At present, coronary heart disease (CHD) is a serious concern in China. Diabetes is considered as harmful to health as CHD, and glycosylated hemoglobin A1c (HbA1c) is an important indicator for monitoring blood glucose levels (1) (2) (3) . HbA1c can indicate the average blood glucose concentration and is highly reproducible and responsive to minor degrees of abnomality in glucose tolerance. Studies have shown that high HbA1c levels can increase the incidence of CHD and adversely affected its prognosis (4, 5) . Ueda et al found that the levels of HbA1c were significantly higher in patients with major adverse cardiac events compared to those without (4). Fatima et al revealed that HbA1c is a reliable predictor of coronary artery disease and that the magnitude of perfusion defects, left ventricular dysfunction and the incidence rate of nonfatal myocardial infarction were higher at an HbA1c level >7.3% (6) . A study by Rocco et al demonstrated that HbA1c was an important predictor of symptomatic hemorrhage following thrombolysis for acute stroke. The results also suggested that hemorrhage following thrombolysis was a consequence of long-term vascular injury rather than of acute hyperglycemia, and that HbA1c may be a more effective predictor than acute blood glucose or a history of diabetes (7) . However, the correlation of low HbA1c levels with coronary artery stenosis and prognosis is not yet clear. The present study investigated the correlation between different levels of HbA1c and coronary artery stenosis and evaluated whether HbA1c is associated with the 1-year risk of major adverse cardiac events (MACE) following successful drug-eluting stent (DES) implantation.
Materials and methods
Study subjects. A total of 2,825 consecutive patients with CHD who received the first call for drug-eluting coronary stent implantation at the Department of Cardiology, Zhongda Hospital of Southeast University (Nanjing, China) from June 2008 to June 2012 were included in the study. According to HbA1c levels the patients were divided into three groups. These were the low HbA1c (group A, HbA1c ≤5.9% or 41 mmol/mol; n=1,035), medium HbA1c (group B, 5.9%< HbA1c <6.8% or Different levels of glycosylated hemoglobin influence severity and long-term prognosis of coronary heart disease patients with stent implantation 41< HbAlc <51 mmol/mol; n=1,025) and high HbA1c groups (group C, HbA1c ≥6.8% or 51 mmol/mol; n=765). Exclusion criteria: i) Had received prior percutaneous coronary intervention or coronary artery bypass surgery; ii) simultaneously implanted bare-metal stents and drug-eluting stents; iii) acute coronary syndrome (ACS); iv) severe anemia and other blood system disease, severe infection, trauma, malignancy, severe liver and kidney dysfunction. Ethical approval was obtained from the Ethics Committee of the Faculty of Medicine, Southeast University (Nanjing, China); all patients provided written informed consent prior to participation in the current study. The study complied with the Declaration of Helsinki.
Procedure. Criteria for coronary stenting and coronary artery stenosis were assessed. All patients underwent coronary angiography, and the angiography results were judged by one or two experienced specialist physicians. Any main branch with coronary artery stenosis ≥70% underwent coronary stent implantation. The Gensini scoring system was used to quantify the degree of coronary artery stenosis ( 
Results
Baseline characteristics. The baseline characteristics are shown in Table I for all 2,825 patients with stent implantation according to the baseline HbA1c level (group A: ≤5.9%, group B: 5.9%< HbA1c <6.8%; group C: ≥6.8%) and by MACE follow up (MACE or no-MACE). The mean duration of follow-up was 327±86.2 days. Family history of CHD, arrhythmia history, chronic kidney disease, cerebrovascular disease, obesity and dual anti-platelet time were similar for the three HbA1c groups. Age, male gender, smoking, hypertension, pulse rate, hemoglobin level, HbA1c level, hyperlipidemia, diabetes and history of heart failure differed among the three HbA1c groups. Hyperlipidemia and diabetes were different between the two MACE groups, whereas the other baseline characteristics were similar between the two MACE groups. Groups by baseline HbA1c, The baseline angiographic characteristics of the study group are summarized in Table II . Gensini score, number of lesions and incidence of multi-vessel disease differed among the three HbA1c groups. The other baseline angiographic characteristics were similar in the three HbA1c groups. Gensini score, number of lesions, number of stents, number of target vessels, incidence of multi-vessel disease, multi-stent use, overlapping stents and ostial lesions were different between the two MACE groups, whereas the other baseline angiographic characteristics were similar in the two MACE groups.
Survival analysis. As shown in Fig. 1 , Kaplan-Meier analysis demonstrated a significantly higher survival rate free from MACE in patients with moderate HbA1c levels (P<0.01, log-rank test). The risk of all-cause mortality of group C was significantly higher than that of group B. The TLR risks of group A and group C were significantly higher than that of group B, while group A and group B, and group B and group C exhibited no significant differences in the risk of MI.
Correlation analysis. Table III shows that a high or low HbA1c level significantly predicted MACE and TLR after adjusting for age, gender, smoking, hypertension, heart rate, hemoglobin, hyperlipidemia, diabetes, heart failure, Gensini score, number of lesions, number of stents, number of target vessels, multivessel disease, multi-stent, overlapping stents and ostial lesions (high HbA1c level, hazard ratio 1.626 and 1.522, respectively; low HbA1c level, hazard ratio 1.505 and 1.478, respectively). A high HbA1c level significantly predicted all cause mortality after adjusting for age, gender, smoking, hypertension, heart rate, hemoglobin, hyperlipidemia, diabetes, heart failure, Gensini score, number of lesions, number of stents, number of target vessels, multi-vessel disease, multi-stent, overlapping stents and ostial lesions (hazard ratio 2.008). Both low and high HbA1c levels are indicated to be risk factors of all-cause mortality, MI and TLR; however, the results are not statistically significant. Analysis of HbA1c as a continuous variable showed that each 1% increase of HbA1c was significantly associated with a decreased risk of MACE and TLR by 53.5 and 54.2%, respectively, in those with a low HbA1c level, and with an increased risk of MACE and TLR by 10 and 9.2%, respectively, in those with a moderate or high HbAlc level, suggesting a U-shaped association between HbA1c and the risk of MACE and TLR, even after adjusting for baseline potential confounders.
Discussion
In this study of 2,825 older patients with CHD in a hospital cohort followed up for an average of 1 years, an approximately U-shaped association between HbA1c and MACE and TLR was found. Patients with low (≤41 mmol/mol or 5.9%) or high (≥51 mmol/mol or 6.8%) HbA1c levels had a risk of MACE or TLR that was higher than that of participants with moderate (41-51 mmol/mol or 5.9-6.8%) HbA1c levels after adjusting for multiple potential confounders (hazard ratios for low HbAlc, 1.505 and 1.478, respectively, and for high HbAlc, 1.626, 1.522, respectively). Analysis of HbA1c as a continuous variable showed that each 1% increase of HbA1c was significantly associated with decreased risks of MACE and TLR of 53.5 and 54.2%, respectively, in patients with a low level of HbAlc and with increased risks of MACE and TLR of 9.5 and 9.2%, respectively, in those with a moderate or high HbA1c level, suggesting a U-shaped association between HbA1c and the risk of MACE and TLR.
A number of studies have focused on the use of HbA1c levels for the prognosis of patients with diabetes (6, 7, 9) . A meta-analysis of four randomized clinical trials (10), Action to Control Cardiovascular Risk in Diabetes (ACCORD) (11), Table II . Baseline angiographic characteristics according to baseline HbA1c group and MACE after follow-up. (13) and Veterans Affairs Diabetes Trial (14) , found that all-cause and cardiovascular mortality did not increase in the intensive glycemic control group (target glycated hemoglobin ≤6.5%, Figure 1 . Kaplan-Meier curves representing survival rate free from MACE, and cumulative hazard of all cause mortality, MI and TLR in the three groups. MACE, major adverse cardiac events; Hb1Ac, glycosylated hemoglobin; MI, myocardial infarction; TLR, target lesion revascularization.
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fasting blood glucose <6.0 mmol/l or absolute HbA1c reduction 1.5%) compared with a non-intensive control group, with a median follow-up period from 3.4-5.6 years. The External Peer Review Program (EPRP) study of a cohort of 5,815 heart failure patients without diabetes found a U-shaped association between HbA1c and all-cause mortality (15). Xu et al found that higher and lower HbA1c levels increased the risk of mortality compared with that for moderate glycemic control (7.1-7.8%), even after adjustment for potential baseline confounders. In comparison with patients with HbA1c levels of 7.5-8.4%, those with lower (<48 mmol/mol, 6.5%) or higher (>69 mmol/mol, 8.5%) HbA1c levels had increased stroke mortality risks of 112% and 143%, respectively (16) . However, the relationship between HbA1c and CHD prognosis remains controversial. Ciciek et al (17) found that HbA1c is an independent predictor of the in-hospital mortality of ST elevation MI (STEMI) patients treated with PCI. Corpus et al (18) demonstrated that HbA1c is a significant predictor of MACE, target vessel revascularization (TVR) and cardiac death 1 year following PCI in non-diabetic patients. Hadjadj et al (19) found that HbA1c was not associated with STEMI prognosis in a small population. Lemesle et al (20) . demonstrated that HbA1c is not a predictor for cardiac events in diabetic patients with coronary artery disease. The data in the present study show that, compared with patients with moderate HbAlc levels (range, 5.9-6.8%), those with higher HbA1c levels had higher risks of MACE and TLR of 62.6 and 52.2%, respectively. The conflicting relationship between HbA1c levels and prognosis may have several interpretations. One reason may be due to different definitions and follow-up times of the end point. Another reason may be differences in the study. Corpus, et al (18) defined the primary endpoint as TVR, secondary endpoint as cardiac death, MI, recurrent angina, stroke, congestive heart failure, renal failure and cardiac rehospitalization, and the study was of non-diabetic patients with CHD. Lemesle et al (20) defined the primary endpoint as mortality, MI and TVR, used a 1-year follow-up, ~70% of patients received stents and studied CHD patients with DM. In the present study, the endpoint is defined as mortality, non-fatal MI and TLR through PCI, and the subjects were CHD patients with or without DM; all patients received stent implantation. HbA1c and a composite endpoint (cardiovascular death, nonfatal MI or TLR) to assess whether the definition of the end result affected the correlation between HbA1c and the endpoint. Cardiovascular death and TLR were found to be significantly correlated with HbA1c.
There have been relatively few studies concerning the correlation between low HbA1c level and the prognosis of CHD patients. The present study suggests that compared with patients with moderate HbAlc levels (range, 5.9-6.8%), those with lower HbA1c levels had increased risks of MACE and TLR of 50.5 and 47.8%, respectively. The results are consistent with a U-shaped Table III . Adjusted hazard ratios of MACE, all-cause mortality, MI and TLR in 2,825 patients with CHD following PCI by continuous and grouped HbA1c levels (mean follow-up, 1 year). correlation between HbA1c and the prognosis of diabetic patients. Intensive glucose control, resulting in low levels of HbA1c and severe hypoglycemia, may lead to subsequent higher mortality, which may explain the results of this study. The present study has several limitations. First, antidiabetic drugs may have affected the results. This study was not designed to test the results of the treatment of diabetes; due to lack of data, it was not possible to study the therapeutic effect of such treatment. Secondly, the HbA1c level measurements were not repeated, and in subsequent years, HbA1c levels may have changed. Thirdly, the observed increases in MACE and TLR were independent of sex, gender, hypertension, hyperlipidemia and history of heart failure. Nonetheless, it is not possible to exclude residual confounding by other known and unknown risk factors, such as fasting blood glucose or inflammatory markers, which were not covered in the analysis. Fourthly, due to telephone interviews and the cause of mortality being reported by a family member or loved one, misjudgment of the cause of mortality cannot be completely ruled out. Finally, the severity of cardiovascular disease at baseline cannot be assessed based on the self-reported history. Therefore, misjudgment of cardiovascular disease cannot be eliminated.
HbA1c continuous
In summary, this study found that HbA1c levels, either as a continuous variable or a categorical variable, have a U-shaped correlation with MACE and TLR in CHD patients with stent implantation, even following adjustment for multiple confounders. Based on the aforementioned limitations of this study, more rigorous and comprehensive studies are required to confirm these findings.
